Abstract. This article considers the problem of predicting wear and breakage of machine components using rolling bearings. Any mechanism wears out over time and, accordingly, the risk of breakage increases. This creates the need for timely maintenance of worn out parts of machinery. The solution of the problem consists in the development of new models and methods for predicting the condition of bearings in the nodes and mechanisms. The developed methods, unlike known ones, should allow us to increase the accuracy of the residual resource prediction, working in the absence of accumulated statistics on faults. To solve the problem, it is proposed to use the theory of active perception, which allows solving problems associated with the use of known methods of pattern recognition.
Introduction
Mechanisms wear out over time and, accordingly, the risk of their breakage increases. This creates the need for timely maintenance of worn out parts of machinery. One of the most important elements of almost any mechanism is the rolling bearing. Therefore, the bearing can be considered as a critical node, since its failure reduces the safety and operability of the machine. There are various strategies for planning maintenance and repair of technical equipment. The most effective strategy is the maintenance strategy for the equipment. This strategy allows you to optimize the maintenance by predicting the occurrence of breakages [1] [2] [3] .
Methods for predicting the residual life of the device can be divided into three groups: based on the physical model of the device, based on monitoring data devices and hybrid [1] .
Forecasting methods based on the physical model are usually represented as a set of algebraic or differential equations and describe the behavior of the physical system under investigation, including its destruction. The advantage of this approach is that it provides accurate results; their disadvantage is the complexity of creating a model due to the nonlinearity of the processes occurring in the devices.
Data-based prediction methods perform conversion of device monitoring data to the information used for future prediction. The model of destruction of the device is created only on the basis of data provided by the monitoring system without using the analytical model of the system or its physical parameters. The forecast is formed on the basis of artificial intelligence methods or statistical methods. Estimation of the residual resource based on the data is performed in two stages: creating a model of the device's behavior in time and using this model to predict the residual resource of the device.
The hybrid prediction method combines approaches based on the physical model and data-based.
At present, the methods of forecasting based on monitoring data are most actively developed. For example, there are competitions devoted to the development of these prediction methods.
The main difficulties in the development of data-based prediction methods are associated with the presence of distortions in the readings of sensors and with the complexity of selecting characteristics possessing the property of monotony and the separation of the trend. These properties are necessary to ensure an accurate estimate of the remaining life of the device.
In this connection, the scientific problem related to the development of models and methods for estimating the residual life of the rolling bearing is of current interest.
The scientific significance of solving the problem consists in the development of new models and methods for predicting the state of bearings in nodes and mechanisms. The developed methods, in contrast to the known ones, should allow increasing the accuracy of the prediction of the residual resource, working in conditions of a priori uncertainty (the absence of accumulated statistics on faults).
Currently, when creating systems for servicing mechanisms, the use of data mining is a acute. With regard to the task, this will improve their reliability and safety.
The scientific novelty of the task is to use for the solution of the problem of vibrodiagnostics and forecasting the theory of active perception [4], which allows solving problems associated with the use of known methods of pattern recognition.
The task for which this work is directed is the development of models and methods for predicting the residual life of a rolling bearing based on data.
Within the framework of the task, it is planned to develop models for estimating the residual life of a rolling bearing based on the proposed systems of characteristics. It is also necessary to carry out experimental studies of the developed models and methods of forming systems of characteristics, in order to assess the accuracy of the forecast of the remaining resource.
Let's consider the well-known work in the field of the problem posed. The paper [5] is considered in which the vibration signal analysis is carried out using the principal component method used to reduce the dimension of the original vibration features by removing redundant features. This method allows you to reduce the final amount of calculations, but this method does not realize the full potential of the available data. To calculate the remaining running time of the bearing, a method of data description using support vectors is used, based on the principles of minimizing structural risks. It is used to relate training data to the hypersphere region, so the boundary of the resulting radius of the hypersphere can be used as an indicator of the bearing state. This method shows good results in this kind of calculations and it was also decided to use it in one of the stages. The paper [6] is considered in which the vibration signal analysis is carried out using the Bayesian Monte Carlo simulation method, and the calculation of the remaining operation time of the bearing is realized using the moving average spectral excess method and the regression method of support vectors. Experiments in both studies were carried out on the same data set used in this work [7] . The results have prediction accuracy up to 85-95%, however in some cases there is a significant drop in accuracy. The methods used in the articles are quite expensive in terms of computational complexity. In analyzing these studies, it was concluded that there is an opportunity to improve the accuracy of work and reduce the computational complexity, using the proposed methods
Information prediction model
The information model consists of the part responsible for analyzing the vibration signal and part of the calculation of the remaining operation time of the bearing. Introducing the vibration analysis system as an image recognition system, we distinguish three stages of data processing: preliminary processing, calculation of features and decision making. The structure is shown in Figure 1 . The first and second stages are proposed to be implemented using the theory of active perception, which makes it possible to reduce computational complexity, in comparison with similar methods. Preliminary processing consists in performing a Q-transformation, which involves applying addition operations to the segments of the original signal. The formation of an indicative description of the original signal consists in applying to the signal g the set of Walsh filters of the Harmut system [8] . Sequential application to the signal of the Q-transform and the filter system implements the U-transformation, which is basic in the theory of active perception. The U-transformation has the minimum possible computational complexity, because its implementation uses the simplest operationsaddition and subtraction. Standard transformations require the implementation of convolution, and at the level of weighting coefficients -the operations of arithmetic multiplication. The theory of active perception is not limited only to the formation of the spectral representation of the signal. The theory includes the section "Algebra of groups", devoted to the analysis of the dependencies between the spectral coefficients of the expansion. The observed dependencies allow their use at the decision-making and understanding stages of the analyzed signal.
The classification stage is proposed to be realized using the One-class SVM machine learning method, which works well for finding deviations in problems with a lot of standard data. Accumulation of variances is recorded and when a certain value is exceeded, it displays the boundary of the beginning of the so-called zones of anomalous data. This makes it possible to reduce the number of measurements used at the forecasting stage, taking into account only the data from the anomalous zone.
Further, the cumulative mean square deviation is calculated from the anomalous data array obtained in the previous step. The obtained data approximates the final part of the curve using a parabola, the beginning of the approximation is calculated using the basis function [4] . One of the coefficients of the resulting parabola, as a result, signals the state of the bearing (its wear rate over the measured time interval). Based on this, the remaining running time of the bearing is calculated (figure 2). 
Computational experiment
The experiment was carried out on a data packet presented in For each data set corresponding to the test results of one of the bearings, the total time of data recording from the bearing, up to the moment of failure, is indicated.
The experiment was carried out with data from three pairs of bearings operating under different conditions: 1) 1800 rpm and applied radial load of 4000 N; 2) 1650 rpm and the applied radial load of 4200 N; 3) 1500 rpm and the applied radial load of 5000 N. To test the efficiency of the proposed method, a series of experiments was carried out. The computer that makes the calculations has an Intel Core i7 3.6 GHz processor and 8 GB of RAM. The stages of the signal preprocessing and calculation of the characteristics are performed in the R language, the decision-making and residual resource calculations are performed in Python. The program works in two steps: At the first step the system provides data for training, including vibration data, corresponding to the operation of the bearing in good condition. In the second step, the system conducts a study of all available information on the bearing condition and produces a result that includes the remaining operating time before a critical failure.
Training the program was carried out on 30% of the data, a prediction model was constructed and compared with actual indications. A greater number of results showed a prediction of accuracy with the methods considered above [6] , but there were cases where the accuracy fell significantly, which indicates the need for further work on the algorithm (Table 1) . 
Conclusion
We carried out scientific research and experimental works in the field of creation of forecasting systems. As a result, the results of the work on the topic under consideration can include the development of a data-based approach. The solution of the problem was carried out from the position of the theory of active perception. The results of computational experiments confirm the effectiveness of the proposed methods. Increase the accuracy of the work can be done with the help of a more accurate algorithm setting. The created system has the potential for further development and can be used for educational purposes. In addition, a study of existing forecasting systems was carried out, their effectiveness in solving the problem of calculating the forecast of the bearing state was indicated.
